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Abstract 
Since ionic conductivity has a linear relation with the square of the number of charge, 
ionic latex particles with a huge number of the charge could provide high conductance. 
It is expected that addition of only a small amount of latex particles into voltammetric 
solution enhances the conductance so much that voltammograms can be measured, 
overcoming ohmic drop. Conductivity of latex suspensions of polystyrene-
polystyrenesulfonic acid with volume fractions less than 0.02, which were well 
deionized by centrifugation, was determined by ac-impedance at two parallel wire 
electrodes. Since the resistance was determined by the dependence of the in-phase 
component on the electrode distance, it did not include participation of electric double 
layers or adsorption of latex. The relationship between conductivity and a diffusion 
coefficient stated that the conductivity of the suspension was provided mainly by 
diffusion of latex particles with multiple charges rather than that of the counterion. The 
suspension with  [H^+] =  10^-5 M, corresponding to 8.9 x  10^5 number  mm^-3, including 
hydrogen gas showed a voltammetric oxidation peak of hydrogen, whereas hydrochloric 
acid with [HCl] =  10^-5 M showed a resistive current-potential curve.
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Secondly, evaluation of the conductance varies with adsorption and double layer effects 
[24,25], which have not often been taken into account [26,27]. 
   We have developed a technique of determining reproducibly conductance of 
solution and electric double layer capacitance without the above complications [28]. 
The apparatus of the method is composed of two parallel wire electrodes with variable 
inter-electrode distance. When a part of a wire electrode is inserted into solution, there 
is no boundary between the electrode and insulating wall, which often causes 
irreproducible currents. Therefore there is no stray capacitor by incomplete shield of the 
wall. Since conductivity is evaluated by the slope of the conductance with the 
inter-electrode distance, double layer effects are largely eliminated. This paper deals 
with determining conductivity of suspensions of deionized polystyrene-sulfonic acid by 
use of the two wire electrodes in order to know the net charge of latex particles relevant 
to conductance. The conductivity will be demonstrated to be provided mainly by latex 
particles rather than the counterion. This property will be applied to voltammetry in low 










 2.2.Synthesis  of  polystyrenesulfonate latex suspensions
   The polystyrene sulfonic acid latex was synthesized firstly by producing 
polystyrene microspheres a few micrometers in diameter  [45  ], and secondly by 
polymerizing polystyrene sulfonate on the microspheres. A stabilizer, 1.5 g polyvinyl 
pyrrolidone, was dissolved in 100 cm3 2-propanol in a round bottomed flask equipped 
with a mechanical stirrer and a reflux condenser. The solution was heated at 70°C and 
kept under a nitrogen atmosphere overnight. When 10 cm3 cold distilled styrene mixed 
with 30 cm3 2-propanol including 0.15 g azoisobutyronitrile (AIBN) was added to the 
above solution, polymerization of styrene started. By keeping the solution at 70°C in the 
nitrogen atmosphere for one day, polystyrene microspheres were generated in 
suspension form. The suspension was diluted twice with water. A mixture of 0.0223 g 
sodium p-styrene sulfonate, 1.0 cm3 styrene and  0.0214 g AIBN was added to the 100 
cm3 suspension. The resulting suspension was stirred at 22 °C for 24 h under a nitrogen 
atmosphere, and then was heated at 75 °C for 8 h to copolymerize styrene with styrene 
sulfonate. The temperature was increased to 82°C for 16 h to complete the 
copolymerization. 
   Purification was carried out by addition of pure water to the suspension, by 
centrifugation, and by decantation. The centrifugation was made at 4600 g with a 
refrigerated centrifuge, SRX-201 (Tomy, Tokyo) for 50  min. This process was repeated 
three times. Sodium ion in the suspension was replaced by hydrogen ion by adding 1 M 
HCl to the suspension. The ion-exchanged (from  Na+ to  H+) suspension was stirred 
gently for 14 h. NaCl and HCl were removed by six iterative steps of centrifugation and 
decantation.


































3. Results and Discussion












































two parallel wires L in length has been derived on the basis of the electrode geometry 



































































3.3 Voltammetry in suspensions
　　　　　A　conclusion　in　the　previous　section　is　that　the　suspension　of　φ=0.0l7　or　c_SO3=






























of counterions. The value of the conductivity is close to that of hydrogen ion if there 
was 100 % dissociation from the latex. Most (99 %) hydrogen ions are immobilized on 
the latex not to contribute to the conduction, whereas only 1 % participate in the 
conduction. On the contrary, most of hydrogen ions in equilibrium are immobilized so 
that the pH of the suspension is 6.5. 
  Accurate determination of the conductivity of the latex suspensions requires 
exclusion of electric double layers effects such as adsorption and electrically capacitive 
components. The present method of varying distance between wire electrodes atisfies 
this requirement. 
   Low concentration of latex suspended ion works as voltammetric supporting 
electrolyte. The net concentration of latex suspension is at least 100 times smaller than 
that of monovalent ions, because the conductivity is provided mainly by the latex 
particles with huge values of z.
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